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PROCiin^URT;  (cont'd) 

Method  No.  5.  (Photographs  130P.U5  to  150250).  The  model  was  set  up 
similar  to  that  of  Method  No.  1  except  for  the  position  with  respect 
to  the  txmnel  floor  which  was  the  sane  as  that  for  method  No.  2.  This 
was  done  in  order  to  determine  the  difference  in  lift  on  the  channel 
wing  due  to  being  raised  in  the  tunnel  approximately  10  inches »  The 
angle  of  attack  was  zero  degrees,  and  the  propeller  clearances  used 
were  5/l6  ar^i  7/l6  inch.  The  pulley  ratio  was  lo67o  The  test  procedure 
was  tha  same  as  that  described  for  Method  No.  I. 

^th  no  power  supplied  to  the  wind  tunnel,  the  airspeed  in  the 
tunnel  upstream  of  the  model  was  16^^  mph  when  the  propeller  of  the  model 
was  rotating  at  5150  rpm.  (Pulley  ratio  lc.87).  For  this  reason,  a  set-  ' 

» 

up  was  made  outside  the  tunnel.  The  whole  assembly  was  placed  on  a  plat-  \ 
form  balance  to  measure  the  lift  force  in  still  air.  '  ' ^ .'•••  •  '-  ' 

A  watt  meter  was  used  to  measure  power  input  and  a  strobctac 
to  indicate 

DISCUSSION  OF  RESULTS 

The  results  obtained  from  the  test  data  and  pertinent  propeller 
data  of  Rofcrence  2  are  plotted  on  graphs  1  to  17  of  this  report.  The 
check  of  the  physical  characteristics  of  the  propeller  under  tost  indicates 
that  the  data  of  Reference  2,  figure  13,  Propeller  D  of  miniraun:  camber, 
can  be  applied  witn  negligihlo  error. 

Graph  1  is  a  plot  of  lift  force  in  pounds  on  the  l/i-scile 
channel  wing  for  tlie  three  pulley  ratios  used  and  with  propeller  r-nnoved 
at  various  tunnel  speeds.  Graph  2  is  a  plot  of  the  lift  data  obtained 
by  th'^  thr'^r  different  nethotls  of  installation-  Inspection  of  these 
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I  serial  nc.  ^11^2 
DISCUSSION  OF  RFSULTS  (cont'd) 

curves  shows  »  variation  in  lift  force  with  the  method  of  mounting. 
Slightly  greater  lift  was  obtained  with  mounting  ’iethod  No,  than  with 
either  1  or  2,  Since  the  hinge  moment  .method  does  not  include  the 
probable  negative  lift  on  the  propeller  disc,,  motor,  and  supporti.ng 
structure  caused  by  cross  flow,  hi^jhcr  lift  would  bo  expected.  The 
^i^fsi'or.ce  in  lj.ft  between  ;.52thon'j  1  and  3  (both  of  which  measured 
only  channel  lift)  n<v/  be  partly  due  to  a  small  difference  in  propeller 
clearance  which  was  not  controlled  as  well  in  .Method  No,  1  as  in 
Methods  2  and  3e  Interference  nay  have  contributed  to  this  difference 
in  lift  obtained  from  tho  various  mounting  methods. 

The  prorjeller  rpia  of  graph  3  and  the  power  input  of  graph  5 
were  obtained  simultaneously  with  the  lift  data  of  graph  1. 

The  electrical  power  input,  which  includes  the  losses  in 
the  motor,  belt  and  propeller  shaft  as  well  as  the  power  supplied  to 
the  propeller,  is  plotted  versxis  airjjpaed  for  each  of  the  pulley  ratios 
on  graph  5« 

Graph  7  is  a  plot  of  Uie  horsepower  absorbed  by  the  propeller 
versus  the  electrical  power  input  for  the  three  different  pulley  ratios. 
The  horsepower  absorbed  at  the  various  airspeeds  and  propeller  rpa  was 
calculated  from  Tjropellor  data  of  Reference  2, 

Graph  8  shows  the  variations  of  l/S  with  T/D^  at  various  tunnel 
speeds  for  the  three  pulley  ratios.  l/S  is  tlio  total  lift  in  pounds  on 
the  model  divided  by  the  projected  area  of  tho  channel  wLng  (29”  x  ?J\") 
I».o96  sq,  ft,  T/D^  is  the  calculated  thrust  (Reference  2)  on  tlie  model 


propeller  d.ivided  by  its  diameter  squared. 
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DISCUSSIDN  OF  RESULTS  (cont'd) 

Both  thrust  coefficient,  and  the  increment  in  lift 
coefficient,  ACl>  due  to  the  slipstream  created  by  the  propeller,  are 
plotted  versus  tunnel  speed  on  graphs  9  through  12  for  the  various 
miethods  of  mounting  and  at  the  different  angles  of  attack. 

In  graphs  13  to  16,  derived  from  graphs  9  to  12,  is  plotted 
the  variation  of  ACt  v/ith  T^.  T^.  -  ,  and  is  a  measure  of  the 

slipstream  velocity  at  the  propeller  disc.  Since  it  was  ant5.cipated 
that  thr  incrn.ment  of  lift  due  to  propeller  operation  on  the  device 
under  test  >;ould  be  a  function  of  slipst:^a.m  velocy.y,  the  parameter 
Tg  was  selected  as  the  primary  variable  for  presentation  of  tlie  basic 
test  results.  The  test  resiflts  as  given  in  Figure  is  are  in  accordance  vdth 

the  variation  expected  and  show  a  straight  line  relation  between  AC^  and 

« 

Tc«  It  is  thus  shown  that  the  lift  nroduction  nhenoraenon  of  the  present 
device  is  of  the  same  nature  as  that  which  exists  in  conventional  wing- 
propeller  arran.ge.mcnts.  That  tiicjjrcsait  device  is  so revrhat  more 
offectlv?  in  producing  lift  than  conventional  arrangemcn'^  is  probably 
due  to  the  channeling  effect  of  the  duct  on  the  propeller  inflow  an.d  to 
effects  of  the  propeller  trailin»g  vortices. 

e 

The  thrust  data  obtained  with  the  whole  model  suspended  afford 
a  comparison  between  the  calculated  and  measured  thrust  coefficient,  T^,, 
of  the  propeller  (graphs  10  and  11).  The  measured  thrust  of  the  propeller 
^3  approximately  11  pounds  at  16,8  raph,  the  lowest  airspeed  obtaiiiable 
in  the  tunnel  with  a  madel  propeller  rpm  of  3150  rpm.  Tliis  value 
agrees  closely  with  the  Cculculatcd  thrust  obtained  from  Reference  2 


for  the  same  conditions-. 
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DISCUSSION  OF  RESULTS  (cont'd) 


The  lift  force  obtained  ’tith  the  entilre  nodel  mounted  on  a 
balance  outside  of  the  wind  tunnel  s?as  7*5  pounds  as  compared  to  an 
average  of  about  9  pounds  obtained  in  the  tunnel  at  a  tunnel  speed  of 
16.S  mph.  This  effect  is  probabl^r  due  in  part  to  the  tunnel  guiding 
the  direction  of  flow,  that  is  from  the  front  and  not  from  all  sides 
as  in  the  open  air«  Also  since  the  operation  of  the  model  motor  and 
propeller  created  a  t’jinnel  velocity  of  l6o6  mph,  it  was  Impossible  to 
obtain  static  conditions  in  the  turinel,  and  f'^e  induced  flow  in  the 
tunnel  undoubtedly  produced  some  lift. 

This  test  did  not  survey  the  fiel.d  of  variations  such  as 
propeller  blade  angle,  blade  design,  aspect  ratio  of  channel  and  a  wide 
range  of  power. 

In  order  to  better,  evaluate  the  device  under  test,  a  co.mpariscn 
has  been  made  with  other  data  available  concerning  lift  ircr3:iy?nt  with 
power,  and  the  results  applied  to  the  Custer  airplane. 

Reference  3  is  a  report  of  tests  conducted  in  the  !tAC;\  20-foot 


wind  tunnel  on  a  wing  of  Clark  Y  section  with  15o5“-oot  span  and  d.lo-fcot 
chord.  60  percent  of  the  wing  area  was  swept  by  the  slipstream  from  two 
li-foot  diameter  propellers.  The  motors  were  mounted  in  tractor  positions 
with  the  thrust  axis  zero  degrees  to  the  wing  chord. 

Reference  h  is  a  report  of  tests  conducted  in  the  UAOi  full- 
scale  tunnel  on  a  l/a-scale  mDdel  of  the  Y3-15,.  a  four-engine  bomber. 

Both  pusher  and  tractor  arrangements  were  tested,  percent  of  the 
wing  area  was  swept  by  the  slipstream.  Tlie  airfoil  section  of  this  model 


was  an  liVCA  ,0018  at  the  root  and  ,0010  at  the  tip.  The  thrust  axis 
was  -Iv-l/2  degrees  to  the  wing  chord. 


1 

t 


SERIAL  NO 


DISCUSSION  OF  RESULTS  (cont'd) 

In  calculating  the  data  for  this  comparison,  the  following 
method  was  used  for  every  example.  The  lift  due  to  power  from  the 
referenced  tests  was  .attributed  to  only  that  area  which  was  swept  by 
the  slipstreamo  The  resulting  was  tlier.  applied  to  an  area  equal 
to  the  projected  area  of  the  channels  of  the  Custer  airplane.  The 
increment  in  lift  force  thus  obtained  is  shown  on  graph  1^.  For  any 
given  airspeed  the  thrust  coefficient,  Tc>  'Vas  held  constant  for  all 
examples  shown. 

The  lift  without  slipstream  of  the  Custer  airpLine,  with  an 
assumed  normal  wing,  was  calculated  by  normal  methors  at  various  air¬ 
speeds.  The  wing  area  used  v/as  the  projected  area  of  both  channels  and 
the  jouter  wing  panels.  The  Cj,  at  12  doiprecs  angle  of  attack  was 
assumed  to  be  SO  percent  of  the  C^  niax.  ^  Gottingen  59S  section. 

This  power-off  lift  was  then  added  to  the  lift  inci'ement  due 
to  power  for  each  of  the  examples,  to  obtain  tlie  total  lift  for  the 
Custer  .airplane,  with  channels,  or  with  a  normal  wing  and  tractor 
propellers,  or  with  a  normal  wing  and  pusher  propellers. 

All  lift  data  due  to  power  shown  on  graph  18  include  the  lift 
component  due  to  inclir*ation  of  the  thrust.  The  data  used  from  this 
test  wore  those  obtained  with  the  entire  model  suspended,  since  this 
included  the  forces  on  the  propeller,  motor  and  supporting  structtire  as 
is  the  case  in  the  full-scale  airplane. 

Chraph  IS  indicates  the  ta’o-off  speed  of  tl'.o  Custer  .lirpLanc 
■vlth  channels  and  pusher  jiroixillers  is  3^  m]^h.  Thi^'  is  in  com:i;\ri5on 
to  a  t?ilce-off  speed  of  ‘.31  nph  If  the  channel  r-ection  were  rep?^cn(i  by  a 
Tiornuil_vd_ng  sccU-on  and  no  slipstream  effect  were  present.  Ba.'ed  v)n 
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DISCUSSION  OF  R-:^;ULTS  (coi-it'd) 

data  of  Rrtferonco  5,  slipstream  effect  for  two  tractor  propellers  reduces 
the  take-off  speed  of  a  conparable  nirplcine  "'ith  nornil  to  h2  njd;. 
Slipstream  data  from  Reference  ii  applied  to  an  airplane  -.vith  nor'tiai  wine 
results  in  a  take-off  speed  of  lj.6  nph  'vith  ■^'actor  propellers  arKl  49  ^ph 
with  pusher  propellers c 

In  order  tc  evaluate  tiie  device  under  test  as  a  mean.s  of  pro-  \ 
ducinj  static  lift,  the  -yind-tunnel  results  were  pompared  with  daua  of  ^ 
a  representative  helicopter.  This  comparison  shows  that  the  static  lif t 
of  the  device  under  te.st  is  fi.U  pounds  per  horsepower,  while  that  of  tho 
helicopter  i.s  15»2  poun<is  per  horsepower. 

CONCLUSIONS 

Ic  Upon^the  basis  of  the  re.sults  of  the  present  terts  it  is 
concluded  that  the  increne.nt  of  lift  due  to  prcpeller  operation  on  the 
device  uneJer  test  is  caused  by  the  slipstrea-n jvelocit^-  and  is  of  the  same 
nat’ore  as  that  eodstinj  with  corr/entional  wing-propciler  arran^iercents. 

2<,  The  magnitudes  cf  the  lift  increments  obtained  show  that  Lhe 
present  device  is  markedly  inferior  to  the  helicopter  in  producing;  static 
lift,  but  is  superior  to  conventional  wi^;-propeller  arrantjemonts  in 
producing  both  static  lift  and  lift  when  fciiyard  velocity  e'^'ists. 

5-  The  present  device  'does  not  show  sufficient  promise  of 
military  value  to  Justify  furth.er  devclopinent  by  the  Array  .i-ir  i'crces. 

REC•:>M:-^T?^D/^TIvl^S 

It  is  recommended  that  no  further  coa^ideration  of  the  present 
device  be  given  until  i.mprvjvorjcn  to ,  exixrctod  by  the  inventor,  have  been 
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LIST  OF  PBriOCRj.PHS 


Title 


15'02l;5  Cufiter  Channel  Min,^  Model,  InstalLation  in  ij-Fto  'Vind  Tunnel 

w:Lth  Entire  Model  Suspended,  3/U  Front  \Iew. 

1502ii6  Custer  C-mnnel  v.-in^  Model,  Installation  in  5-Ft'’  ’-ind  Tunnel 

with  Entire  Model  Suspended,  3/U  Front  Close-Up, 

1502J47  Custer  Channel  'jing  .‘iodol.  Installation  in  5-Fto  "'ind  Tunnel 

with  Entire  Model  Suspended,  Front  VieWo 

150dijS  Custer  Channel  ''in,~  Models  Irsnalloticn  in  5-Ftc.  E'irri  Tunnel 

with  Entire'  Model  Susi)er..’.ed,  fiear  View. 

150?J.i9  Custer  Channel  'Ting  Model,  Installation  in  5-Ft.  'Aind  Tunnel 

witii  Entire  I'cxiel  Sui-runded,.  3/h  Rear  Close-Uy:). 

I5OR50  Counter  '''eights  used  to  .'■•rioond  Custer  /liirplane  ?i>x^el  in  5~Ft. 

'Vind  Tura:el« 

ll'{5Sol  Custer  Channel  "•Injj  Model,  Instullation  in  5~Ft.  '^'ind  Tunnel 

for  Measuring  Thrust,  iJA*  Front  View.. 

lliF'SS2  Custer  Channel  '.'.ing  Mcdc] ,  Installation  iji  'o-Ft-  AVind  Tunnel 

for  Measurinig  Thr'ist,  Front  VieWo 

ll.jc'^S3  Custer  Channel  '"ing  Model,  Instiillition  in  5“Ft-  Wind  Tunnel 

for  Measui'ing  Thrust,  Rear  View, 

lliSESh  Custer  Channel  ’"in;’  ’iodel,  Instailla tion  in  5-Fu.  ’-I'ind  Tiuinol 

for  Mnasuring  Lift  of  '-"ing,  Front  VI ew^ 

l*rS3S5  Left  Side,  Lift  Moraent  Scale  •rit!)  Safety  Stop  to  Prevent 

AVing  and  Propeller  I’rora  contacting..  Right  Side,  Counter 
Weight  used  to  ’Maintain  Tom.ion  in  Scale  Syatein  when  !(!oa.jur- 
iiig  Lift  of  ".'in, go 


